INTRODUCTION th e contact angle between th e archwire and bracket as well as the surface c haracteri stics of th e brackets and arc hw ires. Alterati on of th e surface characteri stics of archw ires by way of pitting and corrosion of th e surface would add to th e coefficient of fri ction in th e mec han ics, th ereby co mprom is in g the slidi ng of brackets along archw ires. The efficiency of sliding mechani cs depends upon minimi zing fri ction at th e bracket arch wire interface. Friction may be influenced by several factors such as the force w ith which the archw ire contacts the brackets, prophylactic age nts. Also th e wires exhibited deterioration of rel eva nt mechanical properties namely 1110du lus of elasticity and yield strength during th e unloading or deactivation phases which may influence eifective tooth movement brought about by these wires. On the oth er hand Schwaninger and Sarkar 1 in 1982
had eva luated flexural properties of Nitinol wires, namely modulus of stiffness, flexural yield strength and fatigue after periods of immers ion in 1 % NaCI solution and concl uded th at corrosion does not affect the physica l properties of th e arch wires. An S.E.M. examination of fh e surfaces fractured after repetitive 90 0 bending also revealed similar i. e. ductile modes of fracture for both corroded and control samples.
The titanium based archwires are known to have high corrosion resistan ce attributable to the formation of a stable oxide layer as a result of passivation. The stainless sfeel all oys also have significant corrosion resistance due to th e passivating effect of chromium.
II wou ld be interesting to eva luate the effect of routin ely used fluoride prophy lacti c agents on the relevant mechanica l properti es as well as surface topography of various orthodontic arch wires and dwell on the consequence of th e sa me in routine clinical orthodontic practice. For th e purpose of convenience, this article has been divided into 2 parts; part I dealing with effects on mechani ca l properti es and part II dea ling with surface topography.
AIMS
1} To eva luate alterations in the mechanical properties i. e. modulus of elasticity and yield strength in loading and unloading phases for five different orth odonti c arch wires, namely stainless steel, Nickel titanium, copper nickel titanium, b titanium and Australian 0.016" stainless steel wires upon exposure to routinely used fluoride prophylactic agents for a predetermined period of time.
2) To determine alteration in surface topography (i.e. eva lu ation of cor rosion , surface pitting and sc ratches and inclu sion bodies ) of the above mentioned wire speci mens after expos ure to flu oride co ntaining prophyla ct ic agents for a predetermined period of time.
OBJECTIVE
The prime objective of this study is to determine wheth er possible pitting and corrosion on the surface of variou s orthodontic archwires following exposure to fluoride prophylactic agents and subsequently increase in th e friction at the bracket wire interface is a deterrent for th e use of th ese agents considering the established beneficial effects of th ese prophyla cti c agents in 4 preventing deca lcification of teeth around orthodontic brackets. Evaluation of deterioration of relevant mechani ca l properties in the wires will also indi cate whether the ill-effects outweigh the benefits of these prophylactic agents.
Method and Materials
The study was ca rried out at th e metallurgy laboratory of the ' AUTOMOTIVE RESEARCH ASSOCIATION OF INDIA', (ARAI), Pun e and th e D epart me nt of Orthodontics and Dentofacial Orthopedics, Bharati Vidyapeeth Dental College & Hospital , Pune.
The material used for the study included five (5) different types of pre-formed arch wires namely NiTi, CuNiTi, TMA (beta titanium ), stainless steel, and Australian stainless steel wires; three (3) fluoride containing prophylacti c agents and a control soluti on (a rtifi cia l saliva). Each of th e five groups of w ires consisted of 24 wire specimens. The five groups of w ires selected were: Each wire speci men was 0.42 x 0.62 x 25 mm in di mension, cut from the straight portion of the preformed archwires except the 0.016" Australian s.s. wire, w here the specimens were cut from th e spool for the desired length.
Method:
The control gro up & experi mental groups were established as follows:
CON TROL GROUP: Thirty (30) wire sa mpl es conSisting of six (6) samples from each wire group which were immersed in artificial saliva.
EXPERIMENTAL GROUPS:
Group 1: Thirty (30) wire samples consisting of six (6) samples from each wire group which were immersed in the APF gel.
Group 2: Thirty (30) w ire samples consisti ng of six (6) samples from each w ire group w hich were immersed in the Neutral fluoride gel.
Group 3: Thirty (30) wi re samples consisting of six (6) samples from each wire group were immersed in the phosflur fluoride rinse.
Six speci mens from each wi re group were incubated in 10 ml artificia l saliva at 3ilc in an individual plastic contai ner. This constituted the control sample (30 w ire specimens). Six (6)speci mens from each group were also incubated in each of the three fluoride contai ning agents (10 ml/each age nt) in i ndividu al plastic containers at 3 ilc for 90 minutes. These wire specimens constituted the three experim ental groups (30 wire specimens in each group; Photograph 2 Just before mechanical testing, the specimens in the experimental gro ups were removed from th eir respective solutions, rinsed with artifi cial saliva and placed in new, clean contai ners. Randomly selected spec imens were tested using a 3 point bend test on a universal testing machine (Model No. 5582)5146, In stron; Canto n Mass' USA; Photograph 3). Th e configu ration of the 3 point fixture was a support span of 12 mm and 0.13 mm rad ii of each support and the striker ( Figure 1 and Photograph 4). The sl:imens were tested in a heated chamber (3ilC ± 1 C) to simulate the ora l environment.
Each specimen was loaded to a deflection of 3.1 mm & then unloaded to zero deflection at a cross head speed of 2.5 min. (Photograph 5). Load in newtons (N) and deflection in mm were co ll ected every 100 milliseconds for both loadi ng & unloading of each speci men by using the Merlin software program (Version 5.43) Instron. Load deflection curves were generated using this data. The engineerin g beam theory was used to ca lculate both modulus of elastiCity (E) and yield strength (YS). The ' E' for loading and unloading slopes of each specimen was calcu lated using the fo llowing equation: 
RESULTS
The loading and unload ing mechani ca l properti es oi the wi re specimens immersed in th e fluoride agents were determined and compared to the loading and unloadi ng properties of the wi re specimens immersed in artificial saliva (control).
The mechanical properties data was analyzed by usi ng a 1-way analysis of variance (AN OVA), a = 0.05, for both loadi ng and unloadi ng elastic modulus, and yield strength for each wire type to determine which groups were significa ntl y different from the group immersed in artificia l sa liva(control). la = 0.05 indi ca tes that values lower than 0.05 are stati sti ca lly significa ntl
The mea n values with sta ndard devia tion s and statistical significance of the loadi ng and unloadi ng mechanica l properties of the NiTi wire specimens (G roup I) are shown in Table I A and depicted in Bar graph I. 
26.821
• Significantly different from control; ': p<0.05; ": p< 0.01
As suggested by the values in table I A, fluoride treatment with the APF gel results in a significant redu ction in the unloading yield strength and unloading modulus of elasticity of the Niti wire specimens as compared to specimens exposed to artificial saliva Exposure to the neutral fluoride gel results in a significant reduction in the unloading modulus of elasticity of the N iti wire specimens as compared to the specimens exposed to artificial saliva (control). The Niti wire samples exposed to phosflur APF rinse did not show any significant deterioration of unloading mechanical properties. As far as the loading properties 
23.620
• Signifi cantl y different from control ; *: p<0.05; **: p< 0.01
As suggested by th e va lues in Table II A th e Cu-NiTi wire samples on exposure to the APF gel, th e Neutral fluoride gel , and APF ri nse showed statisti ca ll y significant redu ction in th e un loading yield strength . There was no significa nt reduction in th e unloading modul us of elasti Ci ty upon ex posure to any of th e iluoride agents. The unloading elasti c modulus for CuNi Ti wi re specimens exposed to the APF gel could not be calcul ated as th e unloading slope could not be accu rately measured . As far as the loading mechani cal propert ies were co ncern ed there was a significa nt increase in the loading yield strength of th e Cu-NiTi wire specimens on exposure to all the experiment al fluorid e agents.
The mean val ues wi th standard deviations along with the statistical significance of the loadi ng and unloading mechani ca l properties of TMA <beta-Titanium) w ire samples (Group III ) are shown in Tabl e II I A and depicted in bar graph III. • Significantly different from control; *: p<0.05 ; **: p< 0.01
As suggested by the values in Tab le III A, the TMA (Beta titanium) wire samples did not show significa nt reduction in the un loading yield strength or unloading modulus of elasticity upon exposu re to any of th e experimental fluoride agents as compared to th e TMA (Beta titanium) wire samples immersed in artificia l saliva (cont rol ). As far as the loading properties were concerned, th ere was no sign ifi ca nt change in the properties of TMA wire samples on exposure to the experimental fluoride agents.
Mean va lues with standa rd deviations and statistical significance (if any) of the loadi ng and unloading mechanica l properties of stainless steel w ire (G roup IV) specimens are shown in Tabl e IV A and depicted in Bar graph IV. 
57.920
• Significantly different from control; *: p<0.05; **: p< 0.01
As suggested by the values in Table IV A the stainless steel wire samples exposed to the three fluoride agents showed no significant reduction in the unloading mechanical properties as compared to stainless steel wire samples immersed in artificial saliva (control). As far as the loading properties were concerned there was a significant increase in the loading yield strength did not show significant reduction in the unloading modulus of elasticity upon exposure to any of the three fluoride agents. As far as the loading properties were concerned there was a significant increase in the loading yield strength of the Australian stainless steel wire specimens on exposure to the phosflur rinse alone. The load deflection plots for Australian stainless steel wire samples in artificial saliva and the fluoride agents are shown in figures 6A -6D. In the present sludy the effecl of fluoride agenls on the unloading mechan ical properties of five (5) Iypes of orthodonti c wire spec imens was evaluated. The unloading mechanical properties evalualed were the yield strength; i.e. the point on the load deflection curve. where permanent deformation is first noticed during the unloading phase and the modulus of elasticity i.e. the ralio of unit stress 10 unit strain which is an index of stiffness or flexibility of a material within Ihe elastic range.
Mean Values for the Loading and Unloading Properties of Ni . Ti Wire in various agents
Topical fluorides have been reported to cause corrosion of titanium based arch wires' ·3.4·5.6.7.8 w hile stainless steel archwires have been reported to undergo corrosion in physiologic solulions as well as fluoride agents9., o. 11 • The corrosion of these wires in fluoride containing agents may have a cl inical implication of increased frictional resistance during tooth movement which in turn could additionally tax the anchorage un its resulting in anchorage loss. pa rticularly during leveling and alignment as well as retraction of teeth. Also the corrosion of the wire surfaces may have an adverse effect on the mechanical properties of the arch wire mainly because of the phenomenon of hydrogen embrittlement. Hydrogen embrittlement and increased fracture susceptibility of titanium based orthodontic w ires in fluoride solution have been studied by T oumelin -Chemla and F-Rouelle 3 . Hydrogen thermal desorption relevant to delayed fracture of high strength steels has also been investigaled by Naguma M . & Nakamura M 12. Titanium hydrides have been reported to form a body centered tetragonal slructure considered to be the cause of related degradation of the alloy's mechanical properties.
The surface oxide of titanium is known to be highly effective in reducing hydrogen penetration. However. ionizable fluoride compounds such as sodium fluoride and hydrogen fluoride activate the surface and can cause rap i d corrosion . When titanium based orthodontic wires are exposed to acidulated and neutral topical fluoride agents. it is suggested that. hydrofluoric acid (HF) is produced according to the equation' :
The hydrofluoric acid dissolves Ihe protective oxide layer on the surface of titanium and its alloys according to the following equations:
The degradation and loss of the oxide film exposes the underl y ing alloy. leading to corrosion and the absorplion of hydrogen ions from Ihe fluoride solutions because of the high affinity of titan ium for hydrogen .. Hence. evaluation of the unloading mechanical properties of the tested orthodontic wire specimens was relevant (Part I) along with evaluation of the corrosion effects on the wire specimens caused by the fluoride agents (Part 11).
In the present study, exposure of the NiTi wire specimens to the APF gel resulted in a significant reduction in the unloading yield strength and unloading modulus of elasticity as compared to the control samples, while the NiTi wire specimens exposed to the neutral fluoride gel resulted in a Significant reduction in the unloading modulus of elasticity. This deterioration of the unloading mechanical properties could have been due to the phenomenon of hydrogen embrittlement and formation of titanium hydrides as discussed earlier.
In a clinical setting. the significant reduction in the unloading mechanical properties of NiTi wire specimens following exposure to the fluoride agents may result in reduction in the forces that effectively bring about tooth movement as the wire returns to its original shape during unloading and thereby prolong the effective treatment time. The property of springback in the NiTi wires may also be affected by reduction in the unloading yield strength. Springback is referred to as the ratio of the yield strength to modulus of elasticity. This may result in decreased effectiveness of NiTi wires in clinical settings.
The acidic pH of the Fluoride agents can be considered to be an important factor in the breakdown of the protective titanium oxide layer leading to both, fluoride related corrosion and hydrogen embitterment of titanium based alloys. However the titanium alloy corrosion resistance also decreased with exposure to a neutral fluoride solution. This suggests that the fluoride related effects especially on NiTi wires depends on both the PH and the fluoride content of the prophylactic agent. Both, the acidulated as well as the neutral fluoride gels produced a Significant reduction of the un loading properties of NiTi wires i.e. the APF gel caused significant reduction in the unloading modulus of elasticity as well as unloading yield strength, while the neutral fluoride gel caused a significant reduction in the unloading yield strength alone. The acidulated fluoride agents appeared to produce more mechanical property degradation than the neutral fluoride agents.
The Cu-NiTi wire samples on exposure to the APF gel, the neutral fluoride gel as well as the APF rinse showed significant reduction in the unloading yield strength as compared to the control samples. Cu-NiTi wires in a clinical setting exhibit a smaller drop in unloading forces (tooth deriving forces) as compared to other Nickel-Titanium w ires; i.e. for every small activation, Cu-NiTi wires generate constant forces.
=/"=
In the present study, both, the acidulated and neutral fluoride gels caused a significant reduction in th e unloading mechanical properties of Cu NiTi wires .. In the present study, addition of copper to Nickel titanium does not seem to inhibit the action of reducing acids such as hydrofluoric acid which are usually generated in the presence of sodium fluoride and possibly dissolve the titanium oxide layer.
The Beta titanium (TMA) wire specimens on exposure to the fluoride agents did not show any deterioration of unloading mechanical properties. This may have been possibly because of the addition of molybdenum and zirconium to the titanium because of wh ich the titanium based alloy can maintain its bod)' centered cubic lattice referred to as the "Beta phase,,13 This ma y interfere with the formation of titanium hydrides on exposure of the TMA wires to fluoride agents and prevent hydrogen embrittlement of the alloy.
The stainless steel wire specimens exposed to the f luoride agents did not show any deterioration of unloadin~ mechanical properties. Unlike the previous studies 9 . O ,14.IS.16 that have reported hydrogen embrittlement of steels in fluoride solutions, thi s phenomenon possibly did not occur in the present study as no significant deterioration of unloading mechanica l properties was seen i n the stainless steel wire specimens on exposure to the experimental fluoride agents.
The Australian stainless steel wires exposed to acidulated fluoride agents i.e., the APF gel and the APF rinse showed significant reduction in the unloading yield strength. A clinically important property of Australian stainless steel wires, especially the supreme and premium varieties is the high degree of resiliency. Resiliency is measured in terms of modulus of resilience (R) and is represented as Yield strength I 2 x modulus of elasticity. The resilience of an archwire represents the work available to effectively move teeth or the ability to provide energy for work during deactivation of the archwire. It is much more affected by the change in yield strength and the elastic modulus than any other property of an arch wire. In the present study, a decrease in the unloading yield strength of the Australian stainless steel wire specimens on exposure to the fluoride agents may result in a decrease in the resiliency of the archwires, which in cl inical situations may be el icited as decreased efficiency of tooth movement during sliding mechanics as well as loop mechanics, particularly when multi loop Australian stainless steel wires are used.
The significant decrease in the unloading modulus of elasticity and yield strength of NiTi wire specimens and the reduction in the unloading yield strength of Cu-NiTi and Australian stainless steel wire specimens occurred only after 1.5 hours of fluoride exposure which would be equivalent to 3 months of 1 min. daily topical fI uoride appl ication or fluoride rinse .
In a clinica l situation, the typical exposure time could be longer because patients are instructed not to rinse for 30 min . after fluoride application. In addition, an archwire may be used for prolonged periods of time; thereby increasing the overall fluoride exposure time .. In the present study the loading yield strength of the NiTi wire specimens was significantly increased followi ng exposure to APF gel while the loading yield strength of the Cu-NiTi wire specimens increased on exposure to all the three experi mental fluoride agents. Th e loading yield strength of stainless steel wire speci mens was found to increase upon exposure to the neutral fluoride gel and the phosflur rinse. Also the load ing yield strength of the Australian stainless steel wire speci mens i ncreased significantly following exposure to the phosflur rinse. A consistent pattern of altered loading properties was not observed following exposure to the experimental fluoride agents. Moreover, this study was more focused towards alterations in the unloading mechanica l properties of the orthodontic wi res upon exposure to fluoride agents as these properties are more clinically relevant. There is scope for studyi ng the effect of fluoride agents on the loading mechanical properties of various orthodontic wires, comprehensively, in future studies.
Summary and conclusion
In this study, it was observed that amongst the common orthodontic wires tested, Nickel titanium, CopperNickel titanium and Australian stainless steel wires displayed significant reduction in the unloading mechanical properties upon exposure to routinely used fluoride prophylactic agents for a predetermined period of time. This deterioration of mechanical properties is clinica ll y relevant as i n case of titanium based archwires it is the unloading or deactivation forces that produce orthodontic tooth movement . The desirable property of springback in these wires may also be adversely affected by the decrease in the unloading yield strength as spring back is referred to as a rat io of unloading yield strength to modulus of elasticity. In case of Australian stainless steel wires, the reduction in the unloading yie ld strength on exposure to acidulated fluoride agents is also clinically relevant as it may adversely affect the resiliency of these wires. This deterioration of resilien cy in these wires may interfere with the efficiency of the wires in bringing about tooth movement.
All the wire types tested in this study often remain in the oral environment for prolonged periods of time during routine orthodontic practice. The fluoride agents used for the testing of wire specimens are commonl y recommended by orthodontists to aid in oral hygiene maintenance in their patients. Also, the time period for which the wire specimens were immersed in the experimental fluoride agents i.e. 90 minutes has been thought by previous researchers 1 to be equivalent to 1 min daily application / rinses for a peri od of approximately 3 months. Individual orthodontic wires may be retained in the mouth for periods even longer than 3 months.
In conclusion, this study suggests that fluoride prophylactic agents, inspite of their established cari es preventing activity, must be used with ca ution in patients undergoing orthodontic treatment. Callous use of these agents may cause corrosive effects on th e orthodontic wire surfaces with deterioration of th eir mechanical properties. This may possibly result in an increase in the overall treatment time.
